Several kinds of poly(vinyl alcohols) (PVAs) having different degrees of polymerization and hydrolysis were tested as a material of a solid substrate for room-temperature phosphorimetry (RTP). Effects of these differences on the efficiency of the solid substrate were investigated. Completely hydrolyzed PVAs acquired a luminescence property in the grinding process of substrate preparation, but partially hydrolyzed PVAs did not acquire this property. When the completely hydrolyzed PVA substrates were prepared by drying their aqueous solutions, their luminescence property almost disappeared. However, very weak background emission remained on the surface of a completely dried substrate which had been treated with an analyte aqueous solution. This residual background affected the spectrum of the analyte, especially at low concentrations. Stability of the phosphorescence intensity with the passage of time was superior on the partially hydrolyzed PVAs than on the completely hydrolyzed PVAs. On the other hand, the RTP intensity and reproducibility were superior on the completely hydrolyzed PVAs. Practically, partially hydrolyzed PVAs were more suitable as a material of the substrate because of the stability of its RTP intensity and the weakness of its background emission. The linear dynamic range of the analytical curve for p-aminobenzoic acid on the substrate of partially hydrolyzed PVA having a degree of polymerization of 3500 was 5 -2000 pmol/spot (20 µL) and its correlation coefficient was 0.963 for 30 data points.
Introduction
Solid substrate room-temperature phosphorimetry (SS-RTP) is widely known as a rapid, sensitive and highly selective analytical method for a determination of trace amounts of organic compounds. Among the materials proposed for the substrate, filter paper is most commonly used, though it has considerable background emissions and tiresome treatment is necessary to eliminate them. Further, a continuous dry gas flow through the sample compartment of a spectrophotometer is necessary during a measurement of RTP emissions since moisture and oxygen may quench the emissions of analytes. RTP characteristics of some pharmaceuticals and biomolecules on this substrate have been reported. [1] [2] [3] [4] [5] [6] [7] [8] [9] For the purpose of overcoming these drawbacks, we have proposed a new solid substrate prepared from poly(vinyl alcohol) (PVA). 10, 11 We have also reported its application to the analysis of phenothiazine derivatives 12 and serotonine, 13 and paminobenzoic acid (PABA) in the presence of bovine serum albumine. 14 The most superior point of this substrate is that it does not require any dry gas flush into the sample compartment during the RTP measurements since the RTP intensity on this substrate is very stable even when exposed to the atmosphere. Furthermore, PVA has negligibly weak background emissions. These investigations were performed by using only one kind of PVA, of which the degrees of polymerization and hydrolysis were 2000 and 78 -82 mol%, respectively. However, there are several kinds of PVAs having different degrees of polymerization and hydrolysis, and they may have different properties as a substrate for RTP.
In this work, the effects of the degrees of polymerization and hydrolysis of PVA on its performance as a solid substrate are investigated by monitoring phosphorescence intensity of PABA as a model phosphor.
Experimental

Materials
PVA: completely hydrolyzed PVAs were those having degree of polymerization (D.P.) = 500 and degree of hydrolysis (D.H.) >96 mol% (C-500), D.P. = 1000 and D. 
Substrates
The PVA granules were ground with a motor-driven mill and then sifted through a 250-mesh sieve. A 50 mg portion of the obtained fine powder, having a particle size of less than 63 µm, was pressed with a die normally used to make KBr disks for IR spectrophotometry. After reinforcing the backside of each disk with cellophane tape, it was cut into 4 × 8 mm pieces and stuck to a polyester plate (8 × 30 mm) with double-faced tape. 10 
Procedure
A 20 µL portion of sample solution was spotted on the whole surface of the substrate by using a microsyringe and left for a few minutes to penetrate the sample solution into the substrate. Then the substrate was laid on activated silica gel in a crucible that was placed in the center of preheated microwave oven, and dried for 5 min. After drying, the substrate was stuck to a laboratory-constructed sample holder with double-faced tape. The RTP signals were measured by a Hitachi F-3010 spectrofluorometer equipped with a phosphorescence accessory, and Hitachi F-4500 spectrofluorometer was used for the threedimensional measurement. Excitation and emission slits were set at 5 nm. Details of the structures of the sample holder and the substrate have been described in our previous report.
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Results and Discussion
Background signals of the PVA substrate Figure 1 shows RTP excitation and emission spectra of substrates themselves (without analyte) those were made from 338 ANALYTICAL SCIENCES MARCH 2002, VOL. 18 six kinds of PVAs having different degrees of polymerization and hydrolysis. The substrates made from partially hydrolyzed PVAs have very weak emissions; however, those from completely hydrolyzed PVAs have intense emissions. Among the completely hydrolyzed PVAs, C-500 has a strong emission intensity for both excitation and emission spectra compared with C-1000 and C-2000. This phenomenon may be explained as follows. The luminous phenomena showing in Fig. 1 may be derived from changes in the molecular structure of the PVA or long-life radicals generated by the cutting of polymer chain in the grinding procedure. Generally, a polymer chain whose polymerization degree is low is easily cut off by grinding, because it has weak tensile strength. Therefore, C-500 has strong emission intensity. However, we think that further investigation is necessary to explain these phenomena.
To confirm whether the purchased PVAs originally had a luminescent property or the property was generated in the preparation process of the solid substrates from PVA granules, excitation spectra of completely and partially hydrolyzed PVAs which had been treated with some different methods were compared. Figure 2 shows the excitation spectra of C-500 and P-3500 as the examples for both types of PVAs. Spectra (A), (B), (C) correspond to the PVA granules as purchased, the ground PVA and the PVA film prepared by drying a ground PVA aqueous solution, respectively. Spectra (A) show that both of the completely and the partially hydrolyzed PVAs as purchased do not have luminescence at all, so the purchased PVAs essentially did not have any property as a lumiphor. However, the completely hydrolyzed PVA acquired the strong luminescent property in the grinding procedure, as shown in spectrum C-500 (B). On the contrary, partially hydrolyzed PVA also acquired a luminescent property, but the emission was negligibly weak, as shown in spectrum P-3500 (B). As shown in both spectra (C), the property of emission could be eliminated by a treatment of dissolving these PVAs in water before they were made into films by drying. Figure 3 shows the three-dimensional phosphorescence spectra of the substrates which were made from completely and partially hydrolyzed PVAs, respectively. In the case of partially hydrolyzed PVA (P-2000), there is almost no background emission except the scattered light. On the other hand, completely hydrolyzed PVA (C-2000) has a featureless background emission over the wide wavelength range. As shown in Fig. 2(C) , the background emission caused by grinding procedure was extinguished by the treatment of dissolving the ground PVA in water. Therefore, it can be expected that the intensity of background emission of the C-2000 substrate may be decreased by spotting the aqueous sample solution from the substrate. In fact, the intensity of background emission on the substrate of C-2000 decreased after spotting the solution but it did not completely disappear, because the sample solution had not completely penetrated into the substrate. The grinding treatment in the process of making substrate is essential to improve the penetration of sample solution and the gelation for the enhancement of the phosphorescence intensity, so that the background emission of PVA substrate caused by the grinding seems to be unavoidable. Figure 4 shows the RTP excitation spectra of PABA at various concentrations on the completely hydrolyzed PVA substrate (C-500). It can be confirmed that the background emission overlaps with the spectrum of PABA and that this background emission remarkably affects the RTP measurements of PABA, especially at the low concentrations of PABA. This irremovable background is an important defect in the trace 339 ANALYTICAL SCIENCES MARCH 2002, VOL. 18 analysis. We, therefore, chose the partially hydrolyzed PVAs as the material for the solid substrate because their background emission is weaker than that of the completely hydrolyzed PVAs.
UV absorption of PVA
One of the essential properties for the material of RTP substrate is transparency for the ultraviolet (UV) light. If the substrate absorbs the UV light, the excitation light arriving at the analyte will be reduced; thus the RTP intensity of the analyte will be weakened and its spectrum shape may be distorted. Figure 5 shows the UV absorption spectra of different kinds of PVA films made from the ground PVA. These PVA films were prepared by dispersing the PVA aqueous solution on a quartz plate and then drying sufficiently. UV absorption spectra of unground PVAs were not shown because the shapes of their absorption spectra were similar to those of ground ones. Both completely and partially hydrolyzed PVAs have the same absorption bands in the range shorter than 240 nm, and the intensities of the partially hydrolyzed PVAs were stronger than those of completely hydrolyzed PVAs due to the absorption of their residual acetoxyl groups. When the excitation wavelength is set in the range of wavelengths shorter than 240 nm, the influence of absorption of the excitation light by the substrate should be considered. However, most of the phosphors are not excited at any wavelength in this range. Therefore, practically the UV absorption by the substrate will not interfere with RTP measurements.
Phosphorescence spectrum of PABA
The effects of degrees of hydrolysis and polymerization of PVA on the shape of the phosphorescence spectrum were investigated by using PABA as a model phosphor. Figure 6 shows the excitation and emission RTP spectra of PABA on the substrates prepared from the several kinds of PVAs. For all kinds of PVAs studied, the excitation and emission peaks of PABA locate at 273 nm and 426 nm, respectively and their spectral shapes are almost the same. Therefore, it was confirmed that the degrees of polymerization and hydrolysis of PVA did not influence the shape of RTP spectrum of PABA.
Stability of phosphorescence intensity with passage of time
Changes of the phosphorescence intensity of PABA with the passage of time on the substrates made from the different kinds of PVAs are shown in Fig. 7 . The tendencies of the time courses are different between the completely hydrolyzed PVAs and partially hydrolyzed PVAs. Phosphorescence intensity on the completely hydrolyzed PVAs gradually decreased. On the contrary, the partially hydrolyzed PVAs show an initial increase followed by a flat plateau. The cause of the difference in the shape of these time courses can be explained as follows. Crystallization of the PVA substrate is accelerated by drying it after the gelation, and the substrate obtains a capability of blocking the penetration of water or moisture. Consequently, the decrease of water quenching offers the stable phosphorescence intensity.
As for the completely hydrolyzed PVAs, the solubility in water is low because the intermolecular hydrogen bond is strong, and therefore, their gelation seems to be hard. For this reason, the crystallization does not proceed and the phosphorescence intensity is gradually decreased by water quenching. On the other hand, partially hydrolyzed PVAs have a moderate number of residual acetoxyl groups, so that the intermolecular hydrogen bonds are weak. Therefore, the solubility in water is high and their gelation seems to be easy to occur. By such a reason, moisture is hardly absorbed by the substrate, so that the phosphorescence intensity is stable for a long period.
The initial increase of phosphorescence intensity is due to cooling down of the PVA substrate which was heated in the drying process. These results proved that the stability of the phosphorescence intensity on the partially hydrolyzed PVAs was superior to that on the completely hydrolyzed PVAs.
Phosphorescence intensity and reproducibility
Comparison of the RTP intensity and its reproducibility on the different kinds of PVAs are shown in Table 1 . The higher the degrees of hydrolysis and polymerization, the more intense phosphorescence was observed. Better reproducibility was observed on completely hydrolyzed PVAs than on partially hydrolyzed PVAs.
However, in practical use partially hydrolyzed PVAs can be considered to be more suitable as the material of the substrate than completely hydrolyzed PVAs, because completely hydrolyzed PVAs have serious defects for the trace analysis, i.e., the stability of the phosphorescence intensity with the passage of time is inferior and unavoidable background emission was generated by the grinding procedure in the process of preparing the substrate.
Analytical figures of merit
To see the relationship between the RTP intensity and the amount of PABA on the partially hydrolyzed PVA, the calibration curve of PABA on the P-3500 was investigated as an example. The linear dynamic range of the curve was in the 340 ANALYTICAL SCIENCES MARCH 2002, VOL. 18 
Conclusion
The RTP properties of the PVA substrate vary with its degrees of polymerization and hydrolysis, and they mainly depend on the degree of hydrolysis. Completely hydrolyzed PVAs showed more intense phosphorescence emission and superior reproducibility than partially hydrolyzed PVAs, but they had unavoidable background emission and the stability of their RTP intensity with the passage of time was inferior. On the other hand, partially hydrolyzed PVAs had no background emission and superior stability of RTP intensity. Overall, partially hydrolyzed PVAs were more suitable material of the RTP substrate used for trace analysis than completely hydrolyzed PVAs. From the results of analytical figures of merit, it was proven that the substrate made from partially hydrolyzed PVA (P-3500) gave a very wide linear dynamic range for PABA determination. The determination limit of PABA on this substrate was 5 pmol/spot (20 µL). Therefore, the proposed material for RTP substrate can be successfully used for determining trace amounts of phosphor. 
